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1. PURPGCSE

The requirenents and guidelines in this Directive apply to the
safety precautions to be taken by enpl oyees when exposed to
energi zed conductors and electrical circuit parts at Marshal
Space Flight Center (MSFC). It also addresses the safety
requirenents for electrical equipnent and associ ated conponents
when bei ng used at MSFC

2. APPLI CABI LI TY

This Directive applies to all MSFC enpl oyees and contract or
personnel at MSFC that are exposed to unguarded energi zed

el ectrical conponents and equi prent during naintenance, service,
or troubl eshooting activities. It applies to all ground-based
activities at MSFC and all MSFC facilities, systens, equipnent,
and property. High-voltage transm ssion |ines are maintai ned and
serviced by the Redstone Arsenal utility organization and are
excluded fromthis docunent.

3. APPLI CABLE DOCUNMENT

1 MAN 3410.1, “Personnel Certification Progrant

.2 MN 8715.2, “Lockout/ Tagout Progrant

3 MAN 8715.3, “Hazard Warning Signs and Barri cades”

4 MW 8715.4, “Personal Protection Equi pnent (PPE)”

5 MAN 8715.11, “Fire Safety Progrant

.6 MAN 8715.15, “MSFC Safety Assessment Progrant

.7 NPG 8715. 3, “NASA Safety Mnual”

w oW oW W W W W W

.8 M L-HDBK-454, “Standard General Requirenents for Electronic
Equi pnent ”

3.9 NFPA 70, National Electric Code (NEC), Article 305,
“Tenporary Wring”

3.10 29 CFR 1910. 147, “The Control of Hazardous Energy
(Lockout/ Tagout)”

3.11 29 CFR 1910. 303, “Ceneral Requirenents”

3.12 29 CFR 1910. 332, “Training”
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3.13 29 CFR 1910. 333-335, “Electrical Safety-Related Wrk
Practices”

4. REFERENCES
4.1 WMPG 3410.1, “Training”
4.2 NFPA 70, NEC, “National Electric Code”

4.3 NFPA 70E, “Electrical Safety Requirenents for Enpl oyee
Wor kpl aces”

4.4 NASA Safety Training Course, NSTC 309, “Electrical Safety”

4.5 ANSI/ISA-S82.02.01-1999, “Safety Standards for Electrical
and El ectronic Test, Measuring, Controlling, and Rel ated
Equi pment — Ceneral Requirenents”

4.6 29 CFR 1926.416 and 417, “Electrical Safety-Related Wrk
Practices”

5. DEFI NI TI ONS

5.1 Authorized Enpl oyee. Enployees who | ock out and tag out
machi nes or equi pnment in order to perform servicing or

mai nt enance on the machi ne or equi pnent and neet the training
requirenents in section 10.

5.2 Buddy System \Wile one person works on the equi pnent,

anot her person trained to recognize the electrical hazards wl|l
be del egated to watch the novenents of the other person to warn
themif they get dangerously close to live conductors or perform
unsafe acts and to assist themin the event of an accident.

5.3 Cardi opul nonary Resuscitation (CPR). A procedure designed
to restore normal breathing after cardiac arrest that includes
the clearance of air passages to the lungs and heart massage by
the exertion of pressure on the chest.

5.4 CERTRAK. The Safety and M ssion Assurance (S&R) O fice
software data base system used for enployee certification
records.

5.5 Energized. Electrically connected to a source of potential
di fference.
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5.6 Exposed. Capable of being inadvertently touched or
approached at | ess than a safe distance, it is applied to parts
that are not suitably guarded, isolated, or insulated.

5.7 @arded. Covered, shielded, fenced, enclosed, or otherw se
protected by neans of suitable covers, casings, barriers, rails,
screens, mats, or platforns to renove the |ikelihood of approach
or contact by persons or objects.

5.8 Qualified Enpl oyee. Enployees permtted to work on or near
unguar ded exposed el ectrical conmponents and equi pnent during

mai nt enance, service, and troubl eshooting activities. The

enpl oyee is al so know edgeable in the construction and operation
of the equi pnent and neets the training requirenents in section
10.

6. | NSTRUCTI ONS

Al'l electrical wiring, appliances, fixtures, etc., shall be
designed, installed, and maintained in accordance w th NFPA 70E,
NEC st andards, and M L-STD-454, “Standard General Requirenent for
El ectroni c Equi pnent.”

6.1 Before Wrking on Electrical G rcuits or Equi pnent:
6.1.1 Renove netal jewelry, watches, rings, etc.

6.1.2 Verify if personal protection equipnment (PPE) is required
for the job per an operating procedure (OP) or job hazard

anal ysis (JHA) in accordance with MAN 8715. 15, “MSFC Safety
Assessnent Program” or PPE Assessnent in accordance with MA
8715. 4, “Personal Protective Equipnent (PPE).” If required,
ensure PPE neets the requirenents of 29 CFR 1910.333(C)(2), “Wrk
on Energi zed Equi prent,” or 335(a), “Use of Protective

Equi pnent . ”

6.1.3 Verify that the energy source and/or plug is exclusively
under the control of the qualified enpl oyee performng the
service or maintenance. |If not, a |ockout/tagout procedure and
aut hori zed enpl oyee shall be required. (Reference MN 8715. 2,
“Lockout / Tagout Program ")

6.1.4 Verify the power is turned off to the equi pment and unpl ug
equi pnent before troubl eshooting, servicing, performng

mai nt enance, and checki ng or replacing fuses. For exceptions,
reference section 6. 2.
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6.1.4.1 Equi prent shall be deenergized prior to performng
mai nt enance, service, and troubleshooting if there is a
possibility that an enpl oyee may work on or near exposed
energi zed parts. Energized parts that operate at |ess than 50
volts to ground need not be deenergized if there will be no

i ncreased exposure to electrical shock or other injuries
resulting fromdirect or indirect electrical contact.

NOTE: |If deenergi zing the equi prment introduces additional or

I ncreased hazards or is infeasible due to equi pnment design or
operational limtations, reference section 6. 2.

6.1.5 Verify adequate illum nation is provided while working on
the el ectrical equipnent, equi pnment room work bench, etc., in
conpliance with 19 CFR 1910.303 (g)(v), “Illum nation.”

6.1.6 Verify sufficient access and worki ng space is provided and
mai ntai ned for all electrical equipnent to permt ready and
safety operation and nai ntenance. C earance di stances shal
comply with 29 CFR 1910.303 (g)(i), “Wrking C earances,” Table
S-1, “Wirking C earances.”

6.1.7 Verify your escape route fromthe equipnment or systemis
not bl ocked.

6.1.8 Verify the reason a fuse was bl own or a breaker was
tripped. Correct the probl em before replacing the fuse or
resetting the breaker and energizing the circuit or system

6.1.9 Safely discharge any capacitors in the equi pnent before
wor king on the electrical circuits.

6.1.10 Verify equi pnent chassis or cabinets are grounded before
begi nni ng nmai nt enance, service, or troubleshooting activities.

6.1.11 Do not defeat the purpose of a fuse or circuit breaker,
and never install a fuse of a higher anperage rating than
specifically listed for the circuit.

6.1.12 Do not work on electrical equipnment in wet areas or when
touchi ng objects that may provide a hazardous earth-ground path.

6.1.13 Check the electrical rating of the equi pnment you use and
ensure the equipnment is within its rating for the intended use.

6.1.14 Do not place any containers of liquid on electrical
equi pnent .
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6.2 Wen working on or near exposed energized parts or
el ectrical equipnent:

6.2.1 Additional safety-related work practices shall be used to
protect qualified enpl oyees who may be exposed to, or nmay cone in
contact with, energized circuit parts, operating at greater than
50 volts to ground, directly with any part of the body or
indirectly through some other conductive neans.

Exanpl e: The cover or panel is renoved from energi zed el ectri cal
equi pnment for the qualified enpl oyee perform ng troubl eshooting
activities, taking neasurenents, or naking adjustnents.

6.2.1.1 Additional safety-related work practices shall be in
accordance with 29 CFR 1910. 333, “Sel ection and Use of Wrk
Practices.”

6.2.2 Operations on energized equipnent will be permtted ONLY
in the foll ow ng circunstances:

6.2.2.1 If fine adjustnents on the machi ne or equi pnment nust be
made and can only be conpleted if it is energized.

6.2.2.2 During troubleshooting activities when energi zation is
required to |l ocate the source of the problem and when checking
to ensure the problem has been corrected.

6.2.3 Protective shields, protective barriers, or insulating
materials shall be used to protect qualified enployees from
shock, burns, or other electrically related injuries while that
enpl oyee is working near exposed energi zed parts which m ght be
accidentally contacted or where dangerous electric heating or
arcing m ght occur

6.2.4 Wen normally encl osed live parts are exposed for

mai nt enance or repair, they shall be guarded to protect qualified
enpl oyees and ot her enployees in the i nmedi ate area from cont act
with the live parts.

6.2.5 Al exposed electrical termnals shall be guarded when a
qual i fied enpl oyee | eaves the i medi ate area when perfornm ng
mai nt enance, service, or troubl eshooting activities.

6.2.5.1 Guard all exposed electrical termnals by replacing
panel covers, placing signs or tags on the equi pnment notifying
ot her enpl oyees of the potential hazard, or placing barricades
around t he equi pnent.
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6.2.6 Supervisors shall ensure that no person works alone with
electricity in excess of 600 volts. The buddy system shall be
used.

6.2.7 Supervisors shall ensure the buddy systemis used for al
j obs/tasks deened as hazardous work in a procedure or a hazard
anal ysi s.

6.3 Hazardous Electrical Wrk:

6.3.1 Al electrical work deened hazardous by a hazardous
anal ysis (reference MNW 8715. 15, “MSFC Safety Assessnent
Prograni) shall only be perforned by a qualified enpl oyee and
will meet the follow ng requirenents:

6.3.1.1 A qualified enployee engaged in this electrical work
shal | be instructed in accident prevention and fully informed of
t he hazards invol ved.

6.3.1.2 A qualified enployee shall be trained in first-aid
procedures that include CPR

6.3.1.3 Al electrical work deened as hazardous work by a
hazar dous anal ysis shall be perfornmed using the buddy system

6.4 Extension Cords:

6.4.1 |Inspect cabling for defects such as frayed wiring, |oose
connections, cracked insulation, and |oose strain reliefs.

6.4.2 Wen a defective cord or plug is discovered:

6.4.2.1 If the defective extension cord is a factory-assenbl ed
cord, renove it fromservice and discard. Cut the plug off or
any neans necessary to ensure the extension cord will not be used
by anot her enpl oyee.

6.4.2.2 |If the defective extension cord is a MSFC-constructed
cord, renove it fromservice and either discard or repair. If
repairing cord, use Underwiters Laboratory (UL)-listed parts.

6.4.3 Verify factory-assenbl ed extension cords (power taps,

power strips, and nulti-outlet cords) are rated (voltage,
anperage, and wattage) and correctly sized for their intended use
and used according to manufacturer’s instructions.

6.4.4 Al extension cords conductor size shall be as |arge as
the conductors in the appliance cord but in NO CASE LESS THAN 14
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American Wre Gauge (AW5, unless used in testing or experinent
activities.

6.4.4.1 MSFC-constructed extension cords nay be constructed with
conductor sizes |less than 14 AWG when constructed for testing or
experinment activities.

6.4.5 Extension cords shall consist of UL-approved round cord
with at | east three separate insulated wires and pronged
connectors in good condition (no nicks or cuts); one of these
conductors is the ground.

6.4.5.1 Do not cut off or defeat the ground connection on a
pl ug.

6.4.6 MSFC-constructed extension cords shall be constructed
usi ng UL-approved parts and assenbled by a qualified enpl oyee.

6.4.6.1 Correct phasing of the cord, hot to hot, neutral to
neutral, and ground to ground shall be verified during assenbly.

6.4.6.2 Only waterproof boxes are allowed for receptacles.

6.4.7 MSFC-constructed cords and factory-assenbl ed cords shal
have outer jackets that are rated for hard or extra hard use per
NEC Tabl e 400-4, “Flexible Cords and Cables.” One of the
followng identifiers will be stanped on the cord outer jacket
(G PPE, S, SC, SE, SJ, SO or ST). Oher letters nay foll ow
these in the identification of the outer jacket.

6.4.8 Extension cord length in the office area shall not exceed
15 feet. Extension cord length used in testing or experinent
activities may exceed 15 feet, if required.

6.4.9 Factory-assenbl ed power taps, power strips, and conputer
conditioning strips shall have cords no smaller than 14 AWG

equi pped with 15 anp surge protection, a reset switch, and be UL
approved.

6.4.10 All extension cords nust be plugged directly into nounted
el ectrical receptacles. Extension cords shall not be used in
series (nore than one extension cord connected together to extend
a | onger distance).

6.4.11 Extension cords shall not be attached to buil ding
surf aces.
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Exception: Extension cords may be restrained on fire-treated
comuni cati on backboards using approved non-netallic fasteners.

6.4.12 Cords should be kept clear of wal kways where they can
becone a tripping hazard or damaged. Protect cords by placing
along a perineter wall or under protective covers (floorTrak or
fl oor cable cover).

6.4.13 Never place extension cords above ceiling tiles or inside
wal |'s.

6.4.14 Extension cords used for tenporary wiring shall conply
with the NEC. Tenporary usage includes wiring used for the
duration of an enmergency, test, experinment, devel opnment work,
construction, or maintenance activity. (Reference NEC, Article
305, “Tenporary Wring,” for detailed requirenents.)

6.4.15 Al 120-volt, single-phase, 15 and 20 anpere extension
cords used outside and/or in danmp or wet |ocations shall have
approved ground-fault circuit interrupts (GFIC) and shall have
outlets suitable for danp or wet |ocations. The GFI C shall be
for personnel protection.

6.4.16 Al 120 volt, single phase, 15 and 20 anpere extension
cords used to power equi pnent used by personnel during

mai nt enance, repair, or simlar activities shall have approved
GFI C for personnel protection and conply with NEC, Article 305-6,
“Ground-Fault Protection for Personnel.”

6.5 Electrical Appliance Safety:

6.5.1 The preferred nethod for connecting a heat producing

appl iance (portable heaters, coffee nakers, heat |anps, hot

pl ates, ovens, mcrowaves, grills, etc.) is to plug directly into
a wall receptacle, but if an extension cord is needed, a single-
outl et extension cord is the preferred nethod.

6.5.2 Power strips or power taps may be used if ALL the
foll owi ng requirenents are net:

6.5.2.1 Only two coffeemakers nmay be connected to a power strip.
The power strip wattage shall not be exceeded.

6.5.2.2 Power strips or power taps shall not be connected in
series (reference section 6.4.10).

6.5.2.3 Only one portable electric heater may be connected to a
power strip. The power strip wattage shall not be exceeded.
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6.5.2.4 No conbinations of coffeemakers and portable electric
heaters are allowed to be connected to a power strip.

6.5.3 Automatic tiners are acceptable to help users ensure

cof feemakers are shut “off” during off-duty hours. Shut-off
timers may either be built into the unit or a separate device to
which the unit's power supply cord is connected. Autonatic
timers are to be UL |isted.

NOTE: Providing this automatic shut-off feature does not relieve
the users of their responsibility for ensuring the coffee maker
I's shut “off.” Automatic timers shall not be used to turn coffee
makers “ON.”

6.5.4 Al portable electric heaters shall be equipped to
deenergi ze electric power to the unit when it is tilted, turned
over, or overheats.

6.5.5 Portable appliance permts, MSFC Form 3798, are required
for any heat-produci ng appliance (portable heaters, coffee
makers, heat |anps, ovens, m crowaves, hot plates, grills, etc.).
(Reference MW 8715.11, “Fire Safety Program™)

6.6 Abandoned Wring:

6.6.1 Wring no |longer needed is renoved if possible; if not,
term nation and/or junction points are identified as “abandoned
in place.” This identification can be a stick-on tag, a
shoestring tag, or witten on the device.

6.6.2 Electrical equipnent that is no longer in use will be
identified as “not in use.” This does not apply to equi pnent
placed in the off position to be used in the future. This
Identification can be a stick-on tag, a shoestring tag, or
witten on the device.

6.7 Electrical Panel and Qutlets:

6.7.1 Electrical panels and di sconnects shall be |abeled in
accordance with 29 CFR 1910.303 (f), “ldentification of

Di sconnecting Means and Circuits.”

6.7.2 Electrical wall outlets shall be |abeled indicating the
source el ectrical panel nunber and circuit nunber.

6.7.3 Electrical panels and disconnects shall be capabl e of
bei ng | ocked out.
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6.8 Transformer Banks or Hi gh-Voltage Equi prent (500+Volts):

6.8.1 Transformer banks and hi gh-vol tage equi pnent shall be
protected by an enclosure to prevent unauthorized access.

6.8.2 An authorized access list of qualified enployees shall be
mai nt ai ned by the responsi bl e base nmi nt enance organi zati on.

6.8.3 Safe working access and cl earance around hi gh-vol tage

equi pnment, electrical panels, swtch-gear, transformer banks,
etc., shall be provided and maintained to pernmt ready and safety
operation and mai ntenance of the equipnment. C earance distances
shall conply with 29 CFR 1910. 303(h), Table S-2, “M ni num Depth
of Clear Working Space in Front of Electric Equipnent.”

7. NOTES
None
8. SAFETY PRECAUTI ONS AND WARNI NG NOTES

8.1 Al exposed electrical termnals, connections, and cables
are to be treated as energized or “live parts” by all enployees.

8.2 Figure 1, “Effects of Electrical Current and Tinme on the
Human Body”
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8.3 Figure 2, “Threshold of Sensitivity”

Current Values (mA)
AC
25-400 Hz Dc Effecis
0-1 04 Perception
1-4 4-15 Surprise
4-21 15-80 Reflex Action
21-40 B0-160 Muscular Inhibition
40-100 160-300 Respiratory Block
Over 100 Over 300 Usually Fatal

8.4 Figure 3, “Fibrillation Currents vs. Body Wi ght”
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8.5 Figure 4,

“Ef fects on the

Body of Electric Current vs.

Frequency”
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8.6 Figure 5, “Shock Hazard from Capacitor D scharge”

Curve “A” is Live Capacitor Per IEC 348 Based on the Maximum
Value That Will Not Cause Excessive Involuntary Reaction.

Curve “B” is Maximum Allowable Gapacitor Discharge Per UL
Study, Based on the Maximum Value Untikely to Cause Fibrillation
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8.7 Figure 6, “Electrocution Equations, Current vs. Tinge”
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8.8 Supervisors shall ensure that no person works alone wth

hi gh-vol tage electricity, or the buddy systemis utilized for any
job/task deemed as hazardous work in an operating procedure or by
a hazardous anal ysi s.

9. RECORDS
9.1 Qualified enployee training NSTC 309, “Electrical Safety

St andards,” or equival ent shall be forwarded to the Enpl oyee and
Organi zati onal Devel opnment Departnment (EODD). This record w |
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be mai ntained for the | ength of enploynent then destroyed or
mai nt ai ned for historical purposes.

9.2 Authorized Enpl oyee Lockout/ Tagout training NSTC 814,
“Lockout/ Tagout,” or equivalent, as required by 29 CFR

1910. 147(c)(7), “The Control of Hazardous Energy

(l ockout/tagout),” shall be forwarded to EODD. This record wll
be mai ntai ned for the | ength of enploynent then destroyed or
mai nt ai ned for historical purposes.

9.2.1 Authorized enpl oyees shall forward copies of training to
S&VA per MW 3410.1, “Personnel Certification Program” for
I nclusion in the CERTRAK data base.

9.3 A qualified enployee perform ng work deenmed hazardous, NSTC
0850, “Basic First Aid,” or equivalent, and NSTC 0851, “Adult
CPR,” or equivalent, shall be forwarded to the EODD. This record
will be nmaintained for the I ength of enploynent then destroyed or
mai nt ai ned for historical purposes.

10. PERSONNEL TRAI NI NG AND CERTI FI CATI ON

10.1 Supervisors shall ensure any enployee that is permtted to
wor k on or near exposed unguarded energi zed el ectrical conponents
and equi prent with voltages greater than 50 volts to ground are
qualified to performthe task. Only a qualified enployee is
allowed to work with energized el ectrical equi pnent where there
Is arisk of electrical shock.

10.2 Qualified enployees, as a mninmum shall be famliar wth:

10.2.1 The skills and techni ques necessary to distinguish
exposed live parts fromother parts of electrical equipnent.

10.2.2 The skills and techni ques necessary to determne the
nom nal voltage of exposed |live parts.

10.2.3 The clearance distances specified in 29 CFR 1910. 333(c),
"Wor ki ng On or Near Exposed Energized Parts,” and the
correspondi ng voltages to which the qualified enployee will be
exposed.

10.2.4 This famliarization shall neet the requirenents of 29
CFR 1910. 332, “Training.”

10.3 Typical jobs/tasks at MSFC which require qualified
enpl oyees training per 29 CFR 1910. 333, Table S-4, “Typical
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Qccupational Categories of Enployees Facing a H gher Than Nor nal
Ri sk of Electrical Accident:”

10.3.1 Blue collar supervisors (1)

10.3.2 Electrical and el ectronic engineers (1)
10.3.3 Electrical and el ectronic equipnment assenblers (1)
10.3.4 Electrical and electronic technicians (1)
10.3.5 Electricians

10.3.6 Industrial machine operators (1)

10.3.7 Material handling equi pnent operators (1)
10.3.8 Mechanics and repairers (1)

10.3.9 Painters (1)

10.3.10 Riggers and roustabouts (1)

10. 3. 11 Wl ders

Wrkers in these groups do not need to be trained if their work
or the work of those they supervise does not bring themor the
enpl oyees they supervise close enough to exposed parts of
electric circuits operating at 50 volts or nore to ground for a
hazard to exi st.

10.4 Authorized enpl oyees worki ng on equi pnment or systens where
energy control procedures are required shall be trained per MA
8715. 2, “Lockout/ Tagout,” NSTC 814, *“Lockout/Tagout,” or
equi val ent .

10.5 Qualified enpl oyees that work on el ectrical equipnent and
systens deenmed hazardous by a hazardous anal ysis shall be trained
in first-aid procedures that include CPR  (Reference NPG 8715. 3,
“NASA Safety Manual ,” Chapter 6, “Operational Safety,” section
6.8, “Electrical Safety.”)

11. FLOW DI AGRAM

None

12. CANCELLATI ON

MA 8715.1 dated Decenber 20, 1999

Original Signed by
Si dney P. Saucier for

A. G Stephenson
Director
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